Maternal obesity is one of the main public health problems at a world level. It is a multifactorial disease with multiple causes, and few studies exist on its dietary patterns, physical activity and social determinants. This work aims to identify determinants of maternal obesity in a middle income country. Research is based on a prospective cohort design. Data were collected using questionnaires applied to pregnant women. Three dietary patterns were identified, and only half of the women carry out physical activity. The regression analysis showed an association between overweight/obesity and the following variables: age 25 to 29 years old (3.8; CI 1.6-9.0), 30 to 34 years old (3.7; CI 1.2-11.6); health problems during pregnancy (2.1; CI 1.0-4.1); socio-economic income (1.73; CI 1.54-2.05); hypertension (2.7; CI 1.4-4.5); mild food insecurity (1.9; CI 1.0-3.8); moderate insecurity 
| INTRODUCTION
At the global level and mainly in middle income countries (MICs), overweight and obesity have become two of the most important public health problems, due to their economic and social impact as well as to their effect on people's lives. Evidently, this is one of the main challenges that the health system is facing today. 1 This epidemic, which is being scarcely noticed, is caused by poverty and is a heavy economic burden to society and to the health system, hindering economic development in many countries. 2 The World Health Organisation estimated that in 2016 more than 1900 million adults were overweight and more than 650 million were obese 3 ; this implies a prevalence, in those older than 18 years old, of 39% for overweight and 13% for obesity. Other studies 4 state that more than half of the adult population in Latin America and the Caribbean suffer from overweight and obesity, being Chile, Mexico, the Bahamas, Venezuela, and Brazil the five countries with highest prevalences. This study also reports that women in reproductive ages have these two diseases in a greater proportion than men.
In the case of Mexico, according to the 2016 National Survey of Health and Nutrition (ENSANUT, Spanish acronym), 5 the combined prevalence of overweight and obesity in adults who are over 20 years old, went from 71.2% in 2012, to 72.5% in 2016. These prevalences were higher in women (75.6%) than in men (69.4%), and by localities, the overweight prevalence in rural zones was 11.6% greater than in urban zones, and the obesity prevalence was 16.8%
greater in urban zones, than in rural ones.
The growing prevalence of overweight and obesity in Mexico has been broadly documented through the national surveys. In the 2012 and 2016 ENSANUTs, the overweight and obesity prevalences for adolescent women were 35.8% and 39.2%, respectively, and for women in reproductive ages they were 72% and 75.6%. 5, 6 Obesity, as the main modifiable factor in the development of non-transmissible chronic diseases, has been recognised as a high priority problem in the population's health. 7 With respect to maternal obesity and its determinants, although very few studies have been done, obesity is considered to be a multifactorial disease with diverse attributable causes. Among them, the most prominent are the availability and accessibility of foods and beverages with high energy density, the families' economic deprivation, low consumption of plain water, fruits and vegetables, an extensive market of industrialised foods, educational level, and the lack of professional orientation on nutrition. 8 Other studies to this respect recommend studying the connection between maternal obesity and the socioeconomic-demographic condition, taking into account different variables such as diet, food, gender, physical activity, health status, beliefs, and sociocultural aspects. 9, 10 Results from other studies suggest that the reasons for which socioeconomic status affects the BMI is because groups with greater economic vulnerability have hypercaloric dietary patterns and less access to healthy foods and health care; for this reason, they suggest looking into the overweight and obesity problems from the point of view of the socioeconomic and demographic determinants. 10, 11 In this context, little is known with respect to the determinants of maternal obesity; the joint prevalence of overweight and obesity during pregnancy is unknown, since the nutrition surveys only provide information on prevalence in women of reproductive ages but nor for maternal obesity. In this sense, the objective of this manuscript is to present the results of a logistic regression model in a prospective cohort of pregnant women in Mexico, as a tracer of what is happening in MICs. The presented evidences include the joint obesity and overweight prevalence rates, as well as the socio-economic-demographic determinants, mainly reflected in variables such as age, educational level, occupation, income, food security, dietary and food consumption patterns, physical activity, and health.
| METHODS
This study is based on a prospective cohort design that is analytical and explanatory. The universe of study included all pregnant women who requested services for prenatal care during the first semester of 2017, at a regional hospital for uninsured population. The study population was determined by a simple random sampling with statistical power of 80% in the sample size and confidence level of 95%. Pregnant women were included who fulfilled the following criteria: having 24 weeks of gestation or more, living in municipalities near the referral hospital (within a 10-km radius), being over 18 years old, and not having plans to move in the short/medium term. Women who were less than 18 years old or reported alcohol or tobacco consumption during pregnancy, were excluded, as well as those who had a history of a disease that could block their inclusion in the study (mental health, amputation, sexually transmitted diseases, blood group incompatibility, etc.).
After designing the instruments, carrying out pilot tests, and adjusting the final instruments, data were collected during the first semester of 2017, using quantitative questionnaires that included sets of questions and indexes of socioeconomic information, diet, food security, physical activity, and their connection with maternal overweight and obesity. 
| Socio-economic-demographic data

| Diet
The dietary information was obtained by means of the Food Frequency Questionnaire, which includes 103 foods divided into 13 groups. To obtain the dietary patterns, the composition of each food was analysed (kcal, carbohydrates, proteins, lipids, grams, and fibre); using the Mexican system of equivalents, 25 food groups were formed, depending on their nutritional characteristics (see Table 1 ). Then, a factor analysis was carried out by main components with orthogonal rotation (1.6 varimax), which identified the patterns according to the scores by factor. The score came from the sum of standardised values of the food groups, already weighted by their factorial loads. Factor loading (>0.3) indicated the importance of a food or food group in the pattern's definition. Factor loading, variance (eigenvalues >1.6) of each factor, and the interpretability of each component were the elements considered to decide the number of extracted factors.
| Food security
To determine the food security indicators, the Latin American Food Security Scale was used and validated by means of a pilot test. In this scale, key questions are listed which people face during a period at home, related to the amount, quality, and availability of foods; this scale also allows us to identify the strategies used by pregnant women in order to solve food scarcity. The questionnaire that was used refers to situations faced by people who have a lack of money or other resources, and how they gain access to food by other means besides purchases, which can contribute to the availability of food in the house; these include production for self-consumption, food barter, affiliation to social assistance food programs, and/or donations, among other possible ways.
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| Physical activity
Physical activity was defined using the results of the Pregnancy Physical Activity Questionnaire (PPAQ). Time dedicated to physical activity was estimated in terms of metabolic equivalents (METs), and physical activity was categorised by its intensity as being sedentary, light, moderate or vigorous, and by type, as being activities carried out at home, at their occupation, for transportation, and in sports.
| Data processing and analysis
Data processing and analysis were done using the Stata statistical package version 14. We used univariate, bivariate, and multivariate analysis by means of a logistic regression model. BMI was classified by categories as low weight (under 18.5), normal (18.5-24.9), overweight (25.0-29.9), and obese (over 30). Using the regression model, we looked for the significant relationship between the independent variables such as, municipality of residence, age, marital status, educational level, employment, family income, affiliation to a social program, food security, health problems during pregnancy, dietary pattern, and physical activity. The regression model was based on predicting whether some of the independent variables have a positive association with overweight and obesity versus women with low and normal weight. For this, the odds ratio was described or the possibility of risk of being overweight and obese. In order to have a greater certainty in the results, the odds ratio was adjusted by two control variables (age and marital status). Values equal to or under 0.05, 0.01, and 0.001 were considered to be statistically significant, with a CI of 95%.
| RESULTS
The study's cohort was formed by 402 pregnant women who fulfilled all the inclusion criteria. The main results from the first measurement data (second semester 2017) are presented in five categories: socio-economic-demographic characteristics, health status, dietary patterns, physical activity, and main determinants of maternal overweight and obesity, based on a multivariate logistic model.
| Anthropometric and socio-economic-demographic characteristics of the population
The socio-economic-demographic characteristics of the studied population are shown in Table 2 . The mean age was 24.9 years ±5.9; 59.45% were in common-law marriage, 62% were catholic, 48.5% had completed junior high school, 84.8% didn't have paid employment, 79.6% named their partner as head of household, and 91.5% of the heads of household had paid employment, with a mean income of $275 dlls. Regarding the monthly income by household, 96.5% did not report income from external remittances, while the 74% that belonged to some social program stated that they received financial support. The total income by household, obtained from all sources, was $340 dlls.
| Health status characteristics
64.4 % reported having been pregnant before, with 51% having an average of one child, and 16.6% reported having had health problems during pregnancy, miscarriage being the main reported cause; regarding the present pregnancy, 19% reported having a health problem leading to high risk pregnancies. Blood pressure diagnosis showed that 75% of women had low blood pressure at the time when the questionnaire was applied.
With respect to anthropometric data, the mean weight was 66.9 ± 12.4; mean height was 1.54 ± .05, and the mean gestational BMI was 27.9 ± 4.8, with a 48.1 percentage of overweight and obesity. What is important is that nearly half of the population has this problem during pregnancy.
With respect to food, 83% were responsible for food preparation, 93% had four daily meals at home, and 42.2% mentioned having modified their eating habits after they became pregnant. As to the subject of food security, 32%
reported some kind of food insecurity.
| Dietary patterns resulting from the analysis of main components
Three main components which explain 28% of the total variance in the consumption of the 25 food groups were determined. Factor loading for the three identified groups and the assigned name are shown in Table 3 ; a positive load (>0.3) indicates a positive association with the factor, while a negative load (> −0.3) indicates an inverse association. A pattern was created from these three food groups.
Pattern 1 (Refined food) was characterised by the consumption of desserts, red meats, snacks, and sweeteners; pattern 2 (Rural) was characterised by consumption of low fat cereals, other cereals, and a negative load in drinkable water; pattern 3 (Traditional) was characterised by consumption of products derived from corn, legumes, eggs, and oil.
No groups such as vegetables or fruits were found to have a positive load in any of the three patterns, but we see that plain water had a significant negative load in the rural pattern.
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| Physical activity
The analysis of the PPAQ classified physical activity according to its intensity (sedentary, light, moderate, and vigorous) and by type (household activity, occupation, for transportation, and sport).
The mean METs/Hour/Week (MET tasks) for total physical activity were 205.7578. The intensity of the physical activity that the women reported was light with a mean of 165.02 ± 13.85, and the type was household activities with a mean of 132.33 ± 13.47. Both results are shown as percentiles in Table 4 . 
e718
A correlation analysis was carried out to evaluate the associations of the PPAQ with sociodemographic, economic, and anthropometric variables. The variables that were significantly related with a sedentary lifestyle were having paid employment (p 0.002) and being in income quintiles 2 and 3 (p 0.14) (p 0.020), respectively, as well as being in the 35 to 39 age group (p 0.061).
Light physical activity was significantly associated with having a paid occupation (p 0.004) and being married (p 0.050); these are the variables conditioning women to carry out this type of physical activity. Moderate physical activity is significantly associated with a paid occupation (p 0.001) and with age, which is to say, being in the age groups from 20 to 24 (p 0.004) and 25 to 29 (p 0.032). Vigorous physical activity apparently had no relation to any of the variables.
| Logistic regression
The results of the logistic regression model for maternal overweight and obesity, adjusted by age and marital status, are presented in Table 5 . Women who were between the ages of 25 and 29 and those aged between 30 and 34 had a significant association (P < .01) and (P < .05), respectively, with the variable of interest; also, both groups have a three-times greater possibility of developing overweight and obesity versus women in other age groups. Households from the first and second income quintiles presented a significant association with overweight and obesity (P < .001).
Having a health problem during pregnancy had a significant association (P < 0.05) with the dependent variable, and those who had a problem during the gestation period had twice as many possibilities of going from an adequate BMI to an inadequate one (P < .05). Women who had high blood pressure had a significant association (P 0.01) with obesity, compared with those who had normal pressure; they were also twice as likely to be overweight and obese.
Regarding food insecurity, we observed that those who had mild insecurity (P < 0.05) and severe insecurity (<0.05) had significant associations with overweight and obesity. They also had one and three times the risk, respectively, of having a normal BMI and going to a higher one. A sedentary lifestyle was significantly positive (P < 0.05),
with an increase in BMI, and also showed a greater possibility of developing overweight or obesity, compared with those who carried out physical activity.
Finally, the refined food dietary pattern, characterised by foods such as desserts, red meats, snacks, and sweeteners, was significantly positive (P < 0.01) with the development of overweight and obesity. In the same way, people who consumed this pattern had a .76 greater possibility of going from a normal BMI to a state of overweight and obesity.
| DISCUSSION
The findings on this cohort strengthen and provide more specific evidence on the association between obesity/overweight and socio-demographic variables such as socioeconomic status, educational level, income level, age, marital status, and employment, and these coincide fully with results from other similar studies carried out in Mexico and other countries. Furthermore, these results are similar to other studies that show a directly proportional relationship between educational level/years of formal education and the increase in BMI, so that the fewer the years of education, the greater the risk of an increase in BMI. 13, 14 In other studies, it was also found that socioeconomic status and family income level are significantly associated with obesity in children and maternal obesity 15, 16 ; such studies highlight that socio-economic status greatly determines the high rate of early age pregnancies, abandoning studies, performing household work, as well as living in common-law marriage.
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With respect to the history of pregnancies and socioeconomic status, our results, although not identical, also resemble other studies of high income countries. 17, 18 For example, a study in Japan had similar results to ours and found that the influence of pregnancy at a young age, obstetric problems, and an increase in BMI are related to socioeconomic status and educational level. 19 Regarding social protection schemes and programs for prenatal care, in our case only a low percentage reported having support from a social program other than the Seguro Popular (Popular With respect to the results on nutrition, weight, and BMI, our findings also showed results similar to those of other studies. Indeed, diverse studies have shown an increase in weight derived from a hypercaloric diet, physical inactivity, early age pregnancy, and low schooling/formal education levels. 21, 22 Regarding the results of the relative weight of food provisioning, one of the variables that were significantly related to an increase in BMI and overweight in the NUTTSEA cohort was severe food insecurity. These results are fully consistent with other studies which determined that there is a strong relationship between food insecurity and overweight in pregnant women, 23, 24 highlighting also, that food insecurity is a factor that determines an increase in the consumption of high fat foods and a diet lacking fruits and vegetables. This consumption pattern was also similar to that of women from NUTTSEA who had severe food insecurity.
Concerning the results on dietary patterns, discovering that the increase in BMI in the pregnant women from our cohort was related to a refined food pattern coincides with the results from two other studies (there are not many studies on this subject). [24] [25] [26] [27] Such studies found a significant association between the consumption of refined foods and an increase in BMI in the general population.
Our findings on the connection between overweight-obesity and physical activity show a significant relationship (P < 0.05) between a sedentary lifestyle and an increase in BMI in pregnant women, as shown by other studies. There are indeed records that show that pregnant women carry out light physical activity involved in household activities, since being pregnant and their own beliefs predispose them to not carrying out a different type of activity. 27 Regarding the limitations of our study, first, although the behaviour of the variables could be similar in populations from other MICs, the level of significance only applies at a local/regional level, just like in any prospective cohort study with a sample size based on a random simple non-stratified sampling. Regarding the regression analysis, age categories were taken from the National Statistics Institute surveys; this may have affected the width of the confidence interval. The same happens with educational level and income, where some categories ended up with a non-uniform distribution. The results on dietary patterns were obtained through factorial analysis by principal components which allowed us to restrict the analysis to only three dietary patterns. However, we did not carry out a cluster analysis, which would have allowed us to compare two methodologies and to analyse the results with Bold data shows variables that resulted with statistical significance in the regression analysis.
Odds ratio adjusted by age and marital status.
a greater number of dietary patterns. Another important limitation is that this is the first time the PPAQ is applied to Mexican population, and thus, there are no other reference studies on this subject to compare and validate its use and application; however, the regression analysis and results were adjusted with the educational level and marital status variables.
| CONCLUSIONS
The results from the NUTTSEA cohort allow us to conclude that there is a positive relationship between socioeconomic-demographic determinants and maternal overweight/obesity. The most relevant are as follows: age (between 25 and 34 years old), educational level (less than 6 years of formal education), socioeconomic status by income quintile (first two quintiles), sedentary lifestyle, severe food insecurity, and a dietary pattern characterised by refined foods.
We suggest these determinants be considered in the design, adjustments, and monitoring of interventions and/ or programs for the prevention and treatment of maternal overweight and obesity. More resources are required and programs targeting women who are at high risk of being overweight and obese. In other words, as a part of the national strategies against obesity and overweight that are being implemented in MICs, and in order to be more effective, interventions should have a different approach depending on the target population and as a function of the relative weight of the main social determinants, strengthened by the results of this study.
Finally, we recommend revising and strengthening the role and participation of different social sectors in national strategies against obesity and overweight, mainly in the development of joint interventions/programs between the health sector and the education, economy, business, and civil society sectors.
FUNDING
This research was funded by the National Council for Science and Technology-Mexico and the National Agency for
Research-France, Grant # 00273510.
AUTHORS' CONTRIBUTIONS
A.A. and F.B. conceived of the study, were the PIs of the study, took the lead in its design and coordination, led the writing of the manuscript; F.H. and E.Z. also conceived of the study; C.T., E.O., and S.P. were the field work supervisors and evaluation coordinators of the project, led the writing about statistics and measures and edited the entire paper; C.T. and S.P. assisted with the literature review; C.T. was the Data Manager for the Project, assisted with writing the methods section, created the study flow chart, and edited the entire paper; A.A. and C.T. were the statistical programmer and ran the statistical analyses for the paper and assisted with the results and statistical methods sections; All authors read and approved the final manuscript.
ETHICS APPROVAL AND CONSENT TO PARTICIPATE
This study was originally approved by the Research and Ethical Committee of the National Institute of Public Health in May 2017. All study participants provided consent to participate prior to involvement in the study.
COMPETING INTERESTS
None declared.
ORCID
Armando Arredondo http://orcid.org/0000-0002-2768-9966
